Cost-of-illness (COI) studies often include the 'indirect' cost of lost production resulting from disease, disability, and premature death, which is an important component of the economic burden of chronic conditions assessed from the societal perspective. In most COI studies, productivity costs are estimated primarily as the economic value of production forgone associated with loss of paid employment (foregone gross earnings); some studies include the imputed value of lost unpaid work as well. This approach is commonly but imprecisely referred to as the human capital approach (HCA). However, there is a lack of consensus among health economists as to how to quantify loss of economic productivity. Some experts argue that the HCA overstates productivity losses and propose use of the friction cost approach (FCA) that estimates societal productivity loss as the short-term costs incurred by employers in replacing a lost worker. This review sought to identify COI studies published during 1995-2017 that used the FCA, with or without comparison to the HCA, and to compare FCA and HCA estimates from those studies that used both approaches. We identified 80 full COI studies (of which 75% focused on chronic conditions), roughly 5-8% of all COI studies. The majority of those studies came from three countries, Canada, Germany, and the Netherlands, that have officially endorsed use of the FCA. The FCA results in smaller productivity loss estimates than the HCA, although the differential varied widely across studies. Lack of standardization of HCA and FCA methods makes productivity cost estimates difficult to compare across studies.
Introduction
Cost-of-illness (COI) studies measure the economic burden of disease in monetary units. The COI approach, which was developed in the USA in the late 1950s and early 1960s [1] [2] [3] , allows researchers to estimate the amount of money that could potentially be saved or gained if a disease were to be entirely avoided [4] [5] [6] . COI studies can include both direct medical expenditures and the "indirect" cost of lost production that results from the premature death, disability, disease, or injury of affected individuals. Some COI studies also include the monetary value of informal care, which is classified as a direct cost in some studies and as an indirect cost in others. Few COI studies attempt to assign a monetary value to the "intangible" costs of pain and suffering [6] . In welfare economics, such costs can be quantified using willingness-to-pay estimates for subsequent inclusion in cost-benefit analyses, which may also be quantified via quality-adjusted life-years (QALYs) [7] .
In many COI studies, productivity cost estimates are restricted to lost paid employment. Other studies also include the value of nonmarket production (unpaid household services-including informal care-and volunteer work) foregone due to death or disability [8] . Lost market productivity can include both short-term absence from work (absenteeism) and reduced productivity while at work (presenteeism), although relatively few studies attempt to measure the latter. Studies vary in terms of which productivity costs are included; some may focus on costs due to mortality, whereas others focus on work absences due to acute morbidity.
According to a 2016 review, a slight majority of COI studies published during 2005-2014 included both direct and indirect costs [9] . Limiting the economic burden to just direct costs can substantially underestimate the economic burden of a chronic condition; often productivity costs exceed the magnitude of direct costs [10, 11] . The estimation of indirect costs, also commonly referred to as productivity costs or losses [12] , can be contentious [4, 13] . Because of the use of a wide range of methods and assumptions [8, 14] , it can be challenging to compare estimates of the sum of direct and productivity costs; estimates restricted to direct costs are more comparable [15] .
Although the focus of this paper is on COI studies, a limited number of cost-effectiveness analyses (CEAs) also include productivity costs. A systematic review of economic evaluations of expensive hospital drugs published during 1998-2009 found that 9% included productivity costs [11] . Similarly, an unpublished tabulation from the Tufts CEA Registry of 2732 cost-utility analyses published during 2013-2016 found that 221 (8%) included productivity costs. 1 That percentage is likely to increase in the future, following the recent recommendation of the Second US Panel on CostEffectiveness in Health and Medicine in 2016 to include productivity costs in societal-perspective CEAs [16] . That was in contrast to a previous US recommendation that productivity costs not be included in CEAs, out of a concern for potential double-counting of the effects of morbidity on productivity and QALY estimates [12] .
In this paper, we review and critique the friction cost approach (FCA), a relatively novel method, to valuing productivity costs in COI studies based on the short-term costs incurred by employers in replacing a lost worker, including temporary substitutes, and recruiting and training a replacement. We then compare this approach to the traditional method to value productivity costs in COI studies, the gross human capital approach (HCA). After discussing the pros and cons of each approach, we review empirical applications of the FCA in the COI literature. For studies that reported both FCA and HCA estimates of productivity costs, we discuss sources of variability in estimates.
Methods Commonly Used to Value Productivity Costs

Friction Cost Approach
Beginning in 1992, economists in the Erasmus Group in the Netherlands presented the FCA as an alternative to the HCA. Koopmanschap and colleagues argued that when unemployment is high the indirect costs due to work absence estimated with the FCA may be lower than with the HCA if the following occurs: (i) diminishing marginal returns to labor (i.e., the individual's marginal productivity is decreasing); (ii) short-term absences can be replaced by internal labor reserves; (iii) the individual can make up for the loss of production when he or she returns to work; and (iv) nonurgent jobs can be cancelled [17] [18] [19] [20] [21] . The premise of the FCA is that employees who leave can be readily replaced, either by someone who is already employed or an unemployed individual [22] . From the employer perspective, the relevant factor is the length of time it takes to recruit and train a replacement worker [23] . If individuals who leave the work force due to long-term illnesses or death are replaced by someone currently unemployed, the only additional resource costs are the productivity lost while a replacement worker is found plus costs to the firm of replacing the worker [24] . The loss of productivity incurred during the friction period, the time it takes to replace a worker and train their replacement, is often assumed to be 80% of gross production because of the elasticity of production with regard to labor time [8, 19] . Further, from the societal perspective, if the new employee was previously employed, the initial vacancy creates a chain of vacancies each with their own friction period [23, 25] . Johannesson and Karlsson [26] suggested that the friction costs would need to be measured for all the friction periods created by a vacancy due to long-term absence and disability.
To fully estimate productivity costs using the FCA, information is said to be needed on: (i) when a friction period begins, (ii) the length of a friction period, (iii) an estimate of production loss, with a particular focus on the elasticity of production [19] , (iv) the costs of searching and training replacement workers and (v) medium-term macro-economic effects [27] . However, few FCA studies incorporate all of these costs. Of 46 FCA analyses published during 1996-2013, only four studies considered macroeconomic effects and nine studies reported elasticity adjustment factors [27] .
The FCA has been criticized for not considering the value of leisure or household production because this approach assumes no welfare loss or cost when someone who is unemployed becomes employed [28] . Brouwer et al. [24] proposed a scenario in which an unemployed person takes the place of a disabled worker and earns the same income, with no change in either total output or leisure time. However, it is unlikely individuals receive the same utility of leisure when sick as when healthy [21] . The seminal FCA papers suggested that studies which estimate indirect costs using the FCA should also incorporate the imputed value of nonmarket production using data from time-surveys and patient questionnaires [8, 11, 17, 19] .
The FCA has been debated since its inception. Critics have questioned the idea that work could be made up by sick workers upon return to work or internal labor reserves unless firms were not maximizing profit [26] . Nyman in 2012 asserted that the FCA is justified if "sufficient unemployment exists to replace the ill worker by another who voluntarily agrees to work for a wage rate that reflects the gain in productivity" [29] . However, that argument ignores the "chain of vacancies" previously suggested. That idea is not explicitly in the operational layout of the FCA, but it is part of the justification for FCA being the "upper bound" of short-term cost estimates of disease [19] . Another criticism is that the shadow price of labor in the FCA is assumed to be zero due to chronic unemployment [30] . Lastly, there is concern with the choice of friction period, which varies from study to study [8] .
The operationalization of the friction period has been based on the time it takes to post and fill vacancies for permanent workers [20, [31] [32] [33] . However, if a person is on temporary sick leave, their position is not vacant and it is not clear how one could appropriately define the length of the friction period for short-term or even long-term absences. The friction period presumably begins at the point an employer decides to begin trying to replace a worker who is on long-term sick leave, not when the worker first took sick leave. However, researchers using the FCA typically cap the length of time at which loss of productivity from workers on short-term leave is counted at the same friction period used for permanent departures. That assumption would make logical sense if employers treat workers on short-term sick leave the same as those who quit their jobs, i.e., posting their positions within 2 weeks after the person goes on sick leave. However, that assumption seems implausible.
Human Capital Approach
In the HCA, productivity costs associated with premature death are calculated as the loss of productivity estimated as the present value of future economic production over the expected remaining lifetime for someone of a given age and sex [34] . Similarly, morbidity costs are calculated as the value of lost productive time due to acute illness and short-and long-term disabilities. Future market production is typically projected based on labor force participation and employment rates, life table survival probabilities, and hourly gross earnings, generally categorized by age and sex or age alone. Contrary to what some experts assert [35] , the HCA does not assume full employment but instead takes into account the proportions in each age group that are employed. Likewise, despite a misconception that the HCA, as used in COI studies, assigns higher values to people with higher incomes [36] , most applications of the HCA use statistical averages, not individual incomes [37, 38] .
The rationale for the HCA is that the withdrawal of an individual's labor due to premature death or permanent disability results in a loss to society of that individual's future production. It is standard practice in the HCA to estimate gross earnings, which includes payroll taxes and other employer-paid benefits, i.e., the full cost of employee compensation [38] [39] [40] . The theoretical justification for using total employer compensation per worker as a proxy for individual productivity is marginal productivity theory, according to which employers equate the marginal cost of employee time with the expected marginal contribution to output [41] . Some researchers find it simpler to use reported hourly earnings (wages and salaries), excluding benefits, to estimate productivity losses [42] [43] [44] . Studies taking the latter approach generate lower estimates relative to studies using estimates of total employer compensation.
Time spent in unpaid work can be valued in the HCA using either the individual's own or imputed wage (opportunity cost method) or the average wage paid to workers performing similar services (replacement cost or proxy good method) [45] [46] [47] . Standard US references on average productivity by age and sex use the replacement cost method to value unpaid work [37, 39] . It should be noted that European analyses typically restrict HCA estimates to loss of paid work.
The application of the HCA in public health in the United States can be traced to a 1961 publication by Weisbrod [48] that calculated the present value of expected future productivity to value averted deaths from disease prevention. Productivity was calculated as the sum of average earnings by age and sex and the imputed value of unpaid household services produced by women. The inclusion of unpaid household work reduced the very large gap in HCA valuations of male and female deaths that resulted from the use of market earnings [48, 49] . Subsequent US analysts have generally included the imputed value of household production by individuals of both sexes when valuing premature mortality. In contrast, researchers outside the USA often incorrectly equate the HCA with market production, i.e., paid work [35] . Restricting HCA estimates to market productivity may be reasonable for estimates of the costs of short-term disability [50, 51] . However, if economic evaluations that are intended to be conducted from the societal perspective exclude unpaid work that seriously devalues the time of demographic groups that provide informal care and services to others. That is an important limitation of HCA estimates in studies conducted in much of the world.
A major limitation of the standard HCA from the viewpoint of economic theory is that it does not take account of the costs of developing and maintaining a stock of human capital, such as education and personal consumption. Grosse and Krueger [52] reviewed the historical development of human capital approaches. They noted that the net HCA, which subtracts the cost of developing and maintaining a stock of human capital, is consistent with human capital theory. Although Weisbrod estimated both gross earnings and earnings net of personal consumption, the former has generally been followed by health economists who use the HCA [48, 52] . Other fields of economics (such as forensic economics) have more commonly used a net HCA [52] . The Second Panel recently recommended that societal-perspective CEAs subtract future personal consumption from future earnings [16] , which is equivalent to a net HCA.
Applications
Both approaches have been utilized to value productivity losses in COI and CEA studies, especially the HCA. A systematic review of cost-utility analyses published through 1997 found that of 20 studies that included productivity costs, 18 used the HCA and two used the FCA [53] . We were unable to identify any subsequent comparable published systematic review of unselected CEAs that examined types of productivity cost methods used. A systematic review by Krol et al. of economic evaluations of treatments for depressive disorders in adults published during 1997-2008 found that of 87 studies, 30 estimated productivity costs as part of the numerator, six using the FCA and 24 using the HCA [54] . Another systematic review of CEAs of treatments for major depression that were published during 2000-2010 found that 14 of 37 studies included indirect costs [55] . Of those, 11 used the HCA, two used the FCA (both of which were included in the review by Krol et al.) , and one, which was restricted to the elderly, included only nonmarket productivity.
Kigozi et al. in a systematic review of economic studies published during 1996-July 2013 that mentioned the FCA in the title, abstract, or key words identified 26 CEAs [27] . The use of FCA in CEAs was most commonly reported in interventions targeting lower back pain, rheumatoid arthritis, or major depression. Nine of the 26 CEAs were cost-utility analyses, all published between 2002 and 2010, roughly one per year [27] . During 2013-2016, approximately 50 costutility analyses were published annually, which included productivity costs. 1 That systematic review evidently missed a large number of relevant studies published during that time period that used the FCA. Of the six FCA analyses included in the systematic review by Krol et al. that was based on full-text searches of economic evaluation studies [55] , just three were identified in the Kigozi systematic review that only searched on the title, abstract, or key words.
To identify FCA applications in COI studies published as research articles in journals 2 we searched two databases using the terms "economic burden," "cost of illness," and "friction cost" in publications from January 1995 through December 2015. We conducted a structured review relying on titles, keywords, and abstracts in PubMed, and a fulltext search using Google Scholar. As the previous paragraph indicates, full-text searches are essential to comprehensively identify studies that used the FCA. Using the full-text search, we found a total of 64 full COI studies that included both direct medical costs and productivity costs and 15 partial COI studies that only assessed productivity costs that utilized the FCA either as a primary tool to evaluate productivity losses or as a sensitivity analysis for comparison with HCA estimates (Appendix Tables A1 and A2 ). Of the 64 full COI studies, just 11 studies were also detected through the structured search of PubMed. In June 2018 we repeated the search for full COI studies published from January 2016 through December 2017. We identified an additional 16 full COI studies that mentioned friction cost, for a total of 80 studies (Table A1) . 3 In order to calculate a denominator of the total annual number of COI studies that include productivity costs, we searched in Google Scholar for a 6-month period (April-September 2016) using the terms "economic burden" or "cost of illness" and "productivity costs" or "productivity losses" or "indirect costs." The relatively short time limit for that search was due to the large number of full texts that had to be manually reviewed. We found 69 studies during a 6-month period that evaluated both direct medical costs and productivity losses. That equates to an annualized total of 138 full COI studies for 2016. Twelve full COI studies, published during 2016, reported productivity cost estimates using the FCA (Table A1) , which is 8% of the 138 full COI studies published that year. However, just four studies were published during the preceding and following years, for an average of seven studies per year, implying 5%. Therefore, we propose that roughly 5-8% of full COI studies, that included both medical and productivity costs, utilized the FCA, either alone or jointly with the HCA.
The majority of the 80 full COI studies that used the FCA (75%) focused on chronic conditions, e.g., arthritis, stroke, shoulder and neck pain, schizophrenia, psoriasis, substance abuse-related conditions, cancer, multiple sclerosis, heart disease, and obesity (Table A1) . For example, productivity costs in stroke patients were estimated in South Korea, Netherlands, United Kingdom, and Australia [56] [57] [58] [59] , and two studies examined productivity costs in multiple sclerosis [60, 61] .
Almost half (35) of the 80 full COI studies in Table A1 that utilized the FCA to estimate productivity losses also utilized the HCA, of which 26 reported comparable FCA and HCA estimates for at least a portion of productivity costs. Those 26 studies are summarized in Table 1 , along with 12 partial (productivity loss only) COI studies of the 15 studies listed in Table A2 . Whereas 24 of 64 full COI studies published during 1995-2015 reported sufficiently comparable FCA and HCA estimates to be included in Table 1 , just two of 16 studies published during 2016-2017 met the same criteria. Eleven of the other 14 studies reported only FCA estimates.
We calculated ratios of HCA to FCA cost estimates after standardizing for comparable cost components. Several studies reported costs that in our opinion should not have been included in the FCA approach. For example, one study compared the sum of a HCA estimate of presenteeism and a FCA estimate of absenteeism to the sum of a HCA estimate of presenteeism and absenteeism with a reported cost ratio of 1.9 [62] . Comparing the HCA and FCA absenteeism estimates alone, the adjusted ratio was 5.6 (Table 1) .
Several studies that did not consistently apply FCA methods were excluded from Table 1, as noted in Table A1 . For example, one study reported that FCA and HCA mortality costs were almost identical [63] , which would be plausible only if life expectancy was the same length as the friction period, i.e., 90 days. Another study applied the FCA to mortality costs and the HCA to unemployment costs [64] . Multiple studies did not report comparable HCA and FCA estimates. In one, each set of estimates was stratified differently [59] . Another study reported combined estimates of paid and unpaid work that were attributed to the FCA [65] . One study claimed to have used the FCA to estimate premature mortality and a modified HCA to estimate morbidity, while another study did not report the FCA estimate [66, 67] . One excluded partial COI study reported age-specific productivity loss estimates for both approaches but did not present weighted average estimates [68] .
It should be noted that the costs reported in Table 1 reflect our understanding of what should be included in HCA and FCA estimates. For example, Raciborski et al. in the text reported total HCA and FCA costs that included direct medical costs and informal care costs in addition to productivity costs [69] ; only the productivity cost estimates are reported in Table 1 .
All 38 studies listed in Table 1 calculated smaller productivity cost estimates with the FCA, but the relative magnitudes varied widely. Three studies reported HCA estimates less than twice as large as FCA estimates, whereas nine reported HCA/FCA ratios of 19 or more. Comparison of the types of productivity costs included in those two sets of studies as well as the conditions assessed can illuminate some of the key drivers of differences in estimates. The three studies with HCA/FCA ratios < 2 all measured short-term sick leave [70] [71] [72] . Other studies that only assessed short-term sick leave likewise typically reported modest HCA/FCA cost ratios [73] . Conversely, all nine studies that reported ratios ≥ 19 included productivity costs from either premature mortality or long-term disability in the HCA estimates.
Most studies that included mortality costs reported substantially higher ratios of HCA estimates to FCA estimates than studies that only quantified the economic cost of morbidity. Of 12 studies that included mortality, the HCA/FCA ratio ranged from 2.3 to 6.5 in four studies and from 19 to 72 in eight studies. In contrast, only two of the other 26 studies reported a ratio greater than 19, which is discussed below. Of the six studies in Table 1 that addressed the burden of cancers, the four that included mortality costs had HCA/ FCA ratios that were mostly between 24 and 48 [31, 33, 74, 75] , whereas the two studies that only considered morbidity costs had ratios of 2.6 and 3.9 [76, 77] . The fact that four studies that included mortality costs reported HCA costs less Wieser et al. than tenfold higher than FCA estimates likely reflects at least in part the focus of those studies on conditions or exposures with low mortality rates among working-age adults, specifically obesity [73, 78, 79] , injuries [80] , and smoking [81] . Variability in the ratio of HCA to FCA estimates can also depend in part upon whether long-term disability costs are considered. For conditions that severely restrict employment in working age adults, the HCA/FCA ratio may be as high for morbidity costs as for mortality costs. For example, an Australian study of productivity costs associated with coronary heart disease estimated the HCA/FCA ratio to be 113 for morbidity costs (dominated by early retirement) and 30 for mortality costs [82] . Likewise, early retirement from the work force among Dutch adults with multiple sclerosis accounted for 92% of HCA productivity costs; the HCA/ FCA ratio for morbidity costs was 22 [61] . On the other hand, for conditions that either have high mortality rates, affect older populations, or infrequently prevent affected individuals from continuing to work, inclusion of long-term disability costs may have a more modest, but still important effect on the HCA/FCA cost ratio. For example, of the four studies in Table 1 that addressed back pain, the one that considered only short-term disability had a cost ratio in the range of 1.3-1.6 [72] whereas the other three studies had cost ratios of 3.1 [83] , 5.6 [62] , and 3.4-9.0 [84] .
Another cause of variation across studies in the HCA/ FCA cost ratio is the length of the friction period, which varies from 6 weeks to 6 months among studies in Table 1 . Use of a relatively long friction period has the effect of minimizing the difference between FCA and HCA estimates of costs of short-term sick leave. Examining two studies of rheumatoid arthritis, one study that used a 58-day friction period reported a HCA to FCA ratio of 6.3 [85] . The other study, which used a 6-month friction period, reported a 1.5-1.6 ratio [71] . Two studies either varied the friction period based on individual reported sick days [86] or did not report a friction period [87] .
Although the FCA does not explicitly consider the value of household production, the seminal FCA studies do suggest estimates of indirect costs should also estimate the imputed value of nonmarket production using data from time-use surveys and patient questionnaires. Thirteen of 80 full COI studies included estimates of nonmarket production (Table A1 ). This was generally reported as part of HCA estimates. Also, four of 15 partial COI studies included nonmarket production (Table A2) .
Five of 38 studies in Table 1 reportedly included the value of nonmarket production in HCA estimates of productivity costs. One study that included nonmarket production in their reported total productivity losses did not report nonmarket production separately and it is unclear whether that was included just in the HCA estimates or also in the FCA estimates [80] . Another study did not actually attempt to measure nonmarket productivity but instead used gross domestic product (GDP) per capita as a proxy for total productivity [77] . Since nonmarket production is not counted in GDP, we have classified that study as not including nonmarket production. The remaining three studies, all of which included nonmarket production in the HCA estimates, reported moderately elevated HCA/FCA ratios, of 7.2 [86] , 5.9-12 [88] , and 9.8-16 [89] .
Discussion
The wide disparity in estimates of relative productivity costs calculated using the FCA and HCA has several implications. First, there appears to be little standardization in the use of these methods among the observed studies. We cannot draw generalizations about the overall use of HCA methods in economic evaluations since we only included studies that used the HCA in comparison with the FCA. We can state that we observed little standardization across studies in the application of the FCA. Many studies that met our search criteria were excluded from Table 1 because we considered the FCA estimates to be problematic, as noted in the previous section.
A second implication is that the ratio of FCA to HCA productivity cost estimates can vary depending on the health conditions and patient age groups included in the study. For time-limited conditions such as acute illness or injury, FCA and HCA estimates are likely to be relatively similar, especially if analysts use a short time horizon. In contrast, COI or CEA studies involving conditions for which there is substantial mortality or permanent work disability among working age adults will generally yield much larger productivity cost estimates if they use the HCA. A study population dominated by people over 65 years of age will produce less of a disparity between the methods because there are fewer working years to measure as opposed to a study looking at younger adults. For example, a comparison of age-specific HCA and FCA estimates of productivity costs attributable to premature mortality from smoking in the USA calculated that HCA estimates were 15-20 times higher for deaths at working ages and only twice as high for adults ages ≥ 65 years [68] . That study included nonmarket as well as market production; studies that exclude nonmarket production calculate little or no productivity costs at older ages using either method [59] . Further, studies typically show less difference in productivity costs for women than men, due to the fact that more women stay out of the workforce to care for dependents, although studies that take into account household productivity reduce the gender disparity in productivity costs [39] .
Analysts may choose to use either the HCA or the FCA, depending on whether they want a high or low cost estimate.
For example, a societal perspective CEA study of rheumatoid arthritis treatments estimated an incremental cost-effectiveness ratio for therapy with infliximab versus prednisone of €22,000 per QALY using the HCA, which was considered "acceptable," whereas using the FCA resulted in an estimated net cost of €131,000 per QALY, which was "too high" [25] Payers may have an incentive to prefer the FCA, since its use could lead to fewer therapies being classified as cost-effective from the societal perspective, and conversely industry and advocates might prefer the use of the HCA.
Geographic differences in the use of the FCA in large part reflect national variations in health economic guidelines. Of the 80 full COI studies in our sample that used the FCA, 51 came from Canada, Germany, and the Netherlands, the three countries which as of 2012 had officially endorsed the FCA [29] . In particular, the largest number (n = 28) were from the Netherlands. 4 Even more starkly, a systematic review of economic evaluation studies using the FCA found that almost two-thirds (30 of 46) took place in the Netherlands, of which three were COI studies [27] . A systematic review of economic evaluations of treatments for depressive disorders found that five of six studies using the FCA were conducted in the Netherlands, compared with just one of 24 studies using the HCA; the remaining FCA study was published in Belgium [54] .
In the Netherlands, the FCA is officially endorsed as the "best approximation of the real costs to society." 5 A crossnational COI project on multiple sclerosis conducted in nine European countries noted, "this method of calculation (friction cost method) is advocated and mandatory in The Netherlands. We have used the human capital theory in this study, except for The Netherlands, where we have used both" [90] . Guidelines can change over time; whereas the official Canadian guideline of 1997 endorsed the HCA, the 2006 guideline recommended the FCA [91] . Similarly, a German guideline that endorsed the FCA on the grounds that "no full employment exists in industrialized countries" and "open positions can typically be refilled within a relatively short period of time" was subsequently published in 2008 [92] .
Other European countries (Austria, Denmark, France, and Norway) have been reported to have unofficial pharmacoeconomic guidelines that affirm use of the FCA, alone or in combination with the HCA [93] . Nyman indicated that France is indifferent between methods and Austria prefers the HCA but accepts the FCA [29] . In general, European health economists may be sympathetic to the FCA because of the identification of the HCA with neoclassical economics: "Europeans, with relatively high unemployment rates and strong institutional forces affecting the labor market, are more likely to question the usefulness of neo-classical economic theory. Americans, with low unemployment rates and weak institutions, find the neo-classical model more useful" [94] .
Our review of the use of the FCA in COI studies and the comparison of FCA to HCA estimates has limitations. One is that because we focused on the application of FCA methods in COI studies, our review is less informative on how FCA methods have been applied in CEA studies. Another limitation is that we did not consider the potential inclusion of productivity losses in other types of economic evaluations, e.g., cost-benefit analysis.
Our use of Google Scholar for automated full-text searches is both a limitation and a strength. One limitation is that searches of that type may be less replicable. Another is that the quality of publications in that database may be more heterogeneous. On the other hand, use of full-text searching allowed us to identify many more studies than found in a traditional structured systematic review. Kigozi et al. identified 15 COI studies that estimated productivity costs using the FCA published during 1996-2013 [27] ; using full-text searching we found 51 COI studies published during the same period. The four additional years of data (2014 and 2017) in our search resulted in 32 additional publications using our search criteria, but no additional publications using the Kigozi et al. criteria applied to PubMed.
A final limitation relates to the FCA and HCA methods themselves. A large literature in health economics has discussed the conceptual limitations of those approaches. We suggest that alternatives warrant consideration. Ironically, perhaps the greatest limitation of the HCA is its lack of consistency with the neoclassical economic theory of human capital. With particular regard to HCA estimates of the present value of future productivity loss as a result of premature death, if gross earnings represent a return to a stock of human capital, it is logically correct to subtract the value of personal consumption that is required to maintain human capital in the long run [52] . An analogous approach has recently been proposed by the US Second Panel [16] . The Second Panel recommends the inclusion of the present value of both gains in economic productivity and future costs, both medical and nonmedical (net resources consumed), of individuals who survive longer as a result of a treatment. The combination of productivity costs and future costs is analogous to a net HCA. The details of how to operationalize either net HCA or the future costs approach of the Second Panel still need to be worked out.
A disadvantage of any new approach to COI or CEA methods is that it could render the results of studies less comparable to findings from studies using previously recommended methods. That same point applies more broadly to the Second Panel recommendation of a broader conceptualization of the societal perspective in CEA [95] . Comparability of estimates from multiple studies is essential for the synthesis of economic evidence. However, the lack of consensus on how to quantify productivity costs, and even lack of standardization of applications specific FCA and HCA methods has resulted in wide disparities in estimates of avoided indirect costs. That disparity has led some analysts to concentrate on estimates of direct medical costs, which are generally more comparable [15] . The disadvantage with that is that estimates restricted to medical costs underestimate the broader societal economic impact of conditions that are associated with disability as well as spillover effects on family members [16] .
Conclusion
Information on productivity losses is crucial to fully estimate the economic burden of chronic conditions and help identify the necessary resources to support healthy aging [10] . The HCA has been used to evaluate productivity costs in the vast majority of published health economics studies, including more than 90% of COI studies. That is true of health economics studies conducted in most parts of the world, although a few countries (Canada, Germany, and the Netherlands) officially recommend use of the FCA in place of the HCA [29] . That remains the case despite criticisms of the HCA by advocates of the FCA, who allege overestimation of productivity losses by the HCA. Conversely, critics of the FCA argue that the assumption of a highly elastic labor supply may be unrealistic. That debate seems unlikely to be resolved.
Studies that apply the FCA typically produce considerably smaller estimates of productivity losses than studies using the HCA [8, 15] . Although we are skeptical of the FCA criticisms of the HCA, we recognize that HCA estimates have other limitations. On the one hand, traditional HCA estimates of mortality costs may overstate the loss to society of net human capital since they do not take into account the costs of maintaining the stock of human capital. On the other hand, HCA estimates of productivity costs that assign no monetary value to time outside of paid employment understate the magnitude of societal costs from ill health. Such studies implicitly devalue the lives of women and other groups that disproportionately engage in unpaid work on behalf of other people. Further, the exclusion of pain and suffering as well as spillover effects on the wellbeing of family members implies that productivity cost estimates, whether calculated using the HCA or FCA, underestimate the welfare costs of premature death and disability.
